Morphological analysis of the sperm cells were accomplished from 19 stallions comparing six different techniques (DIC, Karras, Eosin-Nigrosin, Dip Quick 5 0 , Dip Quick modified, Dip Quick) in order to verify the possibility of using a modification of Dip Quick stain technique to evaluate the morphology of equine semen. Data of sperm morphology were evaluated using Kolmogorov-Smirnov (KS) normality test. Parametric continuous data were compared for ANOVA followed by the Tukey test and non-parametric dates, for KruskalWallis test followed by the Dunns test. Significant differences were considered when P < .05. Pearson product-correlation procedure was used to test the correlation between technics. High correlation were considered when r ! 0.7, moderate correlation when r ! 0.5 but r < 0.7 and poor correlation when r < 0.5. The proposed technique did not show difference (P > .05) from other techniques to morphological assessment. However, the usual Dip quick technique showed to be less efficient (P < .05) to evaluated the sperm morphology defects, especially for the display of abnormal heads, distal and proximal droplets. A High correlation was observed among techniques in the evaluation of total number of defects, but when specific sperm defects of each segment were measured the Dip Quick modified showed a high correlation compared with the usual technics, different results from the Dip Quick technic that showed a moderate correlation on the evaluation of distal and proximal droplets and poor correlation on abnormal heads evaluation. We can conclude that the modification of the Dip Quip technique improved the quality of smear for the evaluation of equine sperm morphology.
Introduction
The breeding soundness examination is essential to predict the stallion reproductive capacity. The evaluation of sperm morphology is one of the laboratory practices which can be used to estimate this ability in men, because the high frequency of morphologically abnormal cells or the high incidence of a single defect may reduce the fertility of these animals [1] . Furthermore, the acquaintance of the spermatic aberrations and the spermatogenesis process are essential for diagnosis and adequate clinical management of stallions with reproductive pathologies [2] .
As the sperm is a translucent cell, its visualization under bright field microscopy is not evident for the cell outline evaluation. Therefore, when you have only this method, the stained smear technique should be used [1, 3] . Semen evaluation may also be performed by the humid chamber with the assistance of phase-contrast microscopy or differential interference contrast (DIC) microscopy in which it is not necessary that the sperm cell be stained [3, 4] .
The Dip Quick is a staining technique commonly used in the medical and veterinary routine for staining cytological slides and blood smears, it is easily obtainable in addition to be inexpensive. However, when using this technique for performing sperm cells smears, the visualization is very poor [5] , prejudicing the examination. The aim of this study is to investigate the possibility of using the Dip Quick Stain to evaluate equine sperm morphology.
Material and Method

Animals
For the present study, one ejaculate from 19 stallions of different breeds (Brazilian Equestrian, Lusitano, Mangalarga Marchador) were obtained with various fertility rates, belonging to Ogar (Private stud farm, Lins, SP, Brazil), Itapuã (Private stud farm, Arandú, SP, Brazil), and the Department of Animal Reproduction and Veterinary Radiology of UNESP, Botucatu.
Sampling Strategy and Slides Staining
Semen collection was performed with artificial vagina model Botupharma (Botupharma LTDA, Botucatu, Brazil). After the semen collection, the gel fraction was removed by filtering with a nylon mesh filter. Five aliquots of pure semen were separated from each stallion for further smears and a sixth aliquot was diluted in 10% formol saline for evaluation in DIC microscopy (Leica Microsystems, Wetzlar, Alemanha).
Five smears of each stallion were prepared on microscope slides and stained individually with the respective technique: smear 1 (Karras)dmodified Karras stain [6] To execute the proposed technique (Dip Quick Modified), in the present study, the smears were first dry at 37 C. After drying, the slides were immersed for 10 seconds in fixative solution (solution I of Dip Quick, Instant Prov; Newprov), then passed to the second stain (solution II of the kit) where they remained for 5 minutes and similarly with the third stain (solution III of the kit). Following each staining step, the excess of stain was removed from the slides without the usual washing, positioning them vertically supported on a paper towel to facilitate stain drainage and immediately plunged into the next stain. At the end of the procedure, the smears were dried at room temperature, left under the same vertical support.
Slides Evaluation
A bright-field microscopy was used for the smears analysis, at 1,000Â optical lens with immersion oil. To evaluate the DIC, wet-mount of each preparation was mounted using a drop of diluent sample in saline formaldehyde between slide and coverslip and viewed at 1,000Â magnification using immersion oil.
The evaluation of the smears was conducted by the same experienced assessor without the slides identification, in a blind evaluation method. A total of 100 spermatozoa in each sample were counted and classified as morphologically normal or abnormal.
The defects were divided into head defects (underdeveloped, giant, contour defects, pouch formation, diadem defect, knobbed), intermediate piece defects (edema or fracture), proximal cytoplasmic droplet, distal cytoplasmic droplets, and defects of tail and insert defects (coiled, strongly folded or rolled, wrapped in the head, retro and abaxial, oblique, folded with droplet).
The acrosome defects (no acrosome or detached) were evaluated separately from others, taking into account the number of cells with this pathology/100 cells.
Statistical Analysis
Data of sperm morphology were evaluated using Kolmogorov-Smirnov normality test, to test its Gaussian distribution. Parametric continuous data were compared for analysis of variance followed by the Tukey test and nonparametric dates, for Kruskal-Wallis test followed by the Dunn test. Significant differences were considered when P < .05. The degrees of linear correlations between Table 2 Correlation of sperm morphology results among the different techniques. methodologies were tested using Pearson productcorrelation procedure. High correlation was considered when r ! 0.7, moderate correlation when r ! 0.5 but r < 0.7, and poor correlation when r < 0.5.
Results
The Dip Quick Stain technique showed to be less efficient (P < .05) in the observation of morphology defects (Table 1 ) when compared with the other studied techniques.
When specific spermatic morphological defects of each segment were evaluated, there were significant differences between the techniques (P < .05), as can be seen in Table 1 . The proposed technique did not differ (P > .05) to evaluate morphological defects when compared with the usual techniques (DIC, Karras, E/N). However, when other Dip Quick Stain technique was used, some morphological defects (abnormal heads, abnormal middle piece, proximal droplet, and distal droplet) were not as well evaluated when compared with the usual techniques (P < .05). The visualization of spermatozoa was sharper in the technique proposed in this study, when compared with Dip Quick, which is shown in Fig. 1 .
The technique proposed in this study enables acrosome visualization only when it was partially detached, differently the Karras and DIC techniques that distinguish the cells with and without acrosome (P < .05), as shown in Table 1 . In other techniques (E/N, Dip Quick 5 0 , and Dip Quick), it was not possible to observe the spermatozoa acrosome.
A high correlation was observed (P ! .7) among techniques in the evaluation of total number of defects. But, when specific sperm defects of each segment were measured, some techniques showed better identification than others. The proposed technique showed a high correlation when compared with usual techniques (DIC, Karras, E/N), as shown in Table 2 . A clear view of the sperm cell was observed in classical evaluation techniques (DIC, Karras, E/N) (Fig. 2) , and also in the technical proposal in the present study (Dip Quick Modified).
For acrosome defects, there was a high correlation between the techniques of Karras and DIC, but a low correlation when compared with the Dip Quick Modified technique (Table 3 ).
Discussion
Among the methods that can be used to assess sperm morphology, DIC is the most accurate and sensitive method, especially when evaluating major defects, such as acrosome, cytoplasmatic droplets, head defects, vacuoles [9] . This technique is superior to the usual, because it allows the visualization of all the constituent parts of the sperm cell [5] . However, it is a technique requiring a high equipment cost, and most often unfeasible for most professional, particularly those working on stud farms.
The most common technique used by practitioners is the evaluation in bright-field microscopy, which requires completion of stained smears. Accordingly, the diversity of staining patterns available provides different manners of sperm evaluation, evidencing areas of the sperm cell to be studied. Karras modified staining [6] and E/N showed efficiency in morphology evaluation.
The Dip Quick Stain is commonly used in laboratory routines to stain various types of slides, such as endometrial and vaginal cytology, blood smears, among others [10, 11] . It is a stain easy to purchase with low cost. Viu et al [12] obtained good results in the evaluation of the percentage of defective sperm morphology in cattle when they used the Dip Quick Stain in wet preparation, observed in optical microscopy and compared the evaluation results in phase-contrast microscopy.
Likewise, Marques et al [13] described the efficient use of Dip Quick technique as stain to bovine semen smears. However, for the evaluation of equine spermatozoa, the Dip Quick Stain is not sensitive, mainly to classify head defects, middle piece, and acrosome [5] , the results are similar to those reported in this study, particularly in assessing cytoplasmic droplets.
The increased exposure of the smears to solutions of Dip Quick Staining has been described for the evaluation of canine semen [14] . Pozor et al [8] also noted increasing improvement in the visualization of the equine sperm cell counters, along the exposure time of the smear on stains (5 minutes, 15 minutes, 30 minutes). Nevertheless, the great time necessary to achieve this staining technique become difficult to accomplish. In the present study, Pozor et al's technique [8] was tested using the shortest time: 5 minutes. This was effective for the visualization of normal cells, the total number of morphological defects and individual defects except proximal cytoplasmic droplets and head defects, which evaluation was undermined by this technique and may explain the high impressions of detached heads, because the defects in that region could not be well evaluated with this technique, thus only considering as normal detached head. Probably with longer exposure to the stains, as demonstrated in their study, occurs an improvement in the preview of the spermatozoa contours, enabling visualization of these defects. The modification of Dip Quick Stain procedures with the elimination of washes between the stain allowed a longer exposition to each stain, improved the accuracy of visualization of most morphological alterations compared with the technique proposed by Pozor et al [8] .
Runcan et al [15] evaluated the acrosome from equine spermatozoa, comparing the stain fluorescein isothiocyanate-conjugated peanut lectindPisum sativum agglutin with two commercial methods: Dip Quick and Spermac (Minitube, Madison). Differently of the present study, the slides used were immersed for 30 minutes in each step of Dip Quick. Concluding that all the three methods were considered efficient and high correlated for acrosome evaluation: intact and reacted.
The acrosome visualization was not efficient in the proposed technique because despite being possible its determination in some cells, this technique could not differentiate spermatozoa with and without acrosome, preventing its use for this purpose. Although Pozor et al [8] reported that the morphology of the cranial region of stallion spermatozoon can be evaluated clearly when the smear stays 30 minutes in each stain, but no cell with abnormal acrosome was detected in the study.
Conclusion
Based on the results of this study, it can be concluded that the proposed modification of Dip Quick Stain improved the accuracy of this technique when compared with the usual Dip Quick technique. However, this is inappropriate for assessing acrossomal integrity of sperm cells of this species.
